eosinophilic, and were surrounded by glial cells. Axonal degeneration was evident in ventral spinal nerve rootlets and peripheral nerves. Neuronal swelling and pallor identical to those in the spinal cord were observed in the brain stem. Areas affected included oculomotor nucleus, vestibular nucleus, reticular formation, and hypoglossal nucleus. Limited ultrastructural examination of spinal cord showed distension of neuronal cell bodies and axons in ventral horns due to dense accumulations of neurofilaments arranged haphazardly in roughly parallel bundles (Fig. 2 ). Other organelles, chiefly mitochondria and vesicular profiles, were scattered among the neurofilaments. Additional testing included determination of hepatic copper, selenium, and zinc levels; these were within the normal limits.
Neurofilaments, as well as glial fibrillary acidic protein, vimentin, desmin, and cytokeratin, are structural proteins collectively classed as intermediate filaments. These, along with microtubules and microfilaments, form the basic cytoskeleton of the cell. In neurons, neurofilament proteins are synthesized in the cell body and transported via slow axoplasmic flow down the axon. 14 In the axon there is a close association between neurofilaments and microtubules, with numerous crosslinks between these 2 cytoskeletal components. l0 Accumulation of neurofilaments, which seems to be a hallmark of this and some other motor neuron diseases, could conceivably occur by more than 1 mechanism. These include (1) increased synthesis of neurofilament proteins, (2) synthesis of chemically altered neurofilament proteins, and/ or (3) alterations in slow axoplasmic flow. To date, the exact mechanism underlying the accumulation of neurofilaments in these diseases remains unresolved. Abnormalities in slow axoplasmic flow have been demonstrated in Brittany spaniels (Griffin JW, Cork LC, Adams RJ, Price DL: 1982, J Neuropathol Exp Neurol 41:370 [abstract]), but in the only other animal in which this has been studied, the "wobbler" mouse, results have been controversial. 1, 2 Accumulation of neurofilaments has been observed in a variety of other conditions or intoxications, and these have been compared with the motor neuron diseases. 4, 10 Defects in slow axoplasmic transport of neurofilament proteins have been documented in both B,B'-iminodipropionitrile (IDPN) and hexacarbon neuropathies. 4, 8, 10, 13 In these a structural basis for the neurofilamentous accumulations has been described, As noted above, there is a close association between neurofilaments and microtubules in the normal axon. In IDPN and hexacarbon neuropathies there is segregation of these 2 cytoskeletal constituents such that microtubules cluster in the center of the axon while neurofilaments lie in a subax-260 olemmal ring. 9, 10, 16 Similar segregation of cytoskeletal elements occurs in the "wobbler" mouse, drawing an analogy between a naturally occurring hereditary disease and these toxic neuropathies. 15 Another study has revealed that intermediate filaments that depend on microtubules for their cellular distribution, such as neurofilaments, vimentin, and glial fibrillary acidic protein, aggregate in cell culture following exposure to 2,5-hexanedione. 6 In contrast, intermediate filaments such as cytokeratin, which do not have this dependency, are unaffected. Additionally, colchicine and the vinca alkaloids cause aggregation and accumulation of neurofilaments due to dissolution of microtubules, pointing to another association between microtubules and neurofilament accumulation. 10 A molecular basis for the neurofilament accumulation has been proposed for the hexacarbon neuropathies. With 2,5-hexanedione and a related compound, there is formation of pyrr o l e d e r i v a t i v e s with lysyl r e s i d u e s o f n e urofilament proteins. 7 It is proposed that formation of stable crosslinks between these derivatives results in a growing mass of neurofilaments whose transport is arrested at points of mechanical constriction (i.e., nodes of Ranvier). It may be that these diseases result from a basic loss of neurofilamentmicrotubule interaction and/or abnormal crosslinking of neurofilament proteins. Neurofilament aggregation and accumulation and secondary abnormalities in axonal transport might then follow.
In summary, this report documents the occurrence of a motor neuron disease with neurofilamentous accumulations in Hampshire pigs, adding an additional species and breed to the growing list of animals displaying such diseases. The age of onset and the finding of the disorder in only Hampshire pigs (while other breeds on the farm remain unaffected) suggests a familial basis for this disease.
Osteopetrosis in five fetuses from a single herd of 16 cows

Douglas C. Wolf, William G. Van Alstine
Osteopetrosis is a congenital skeletal abnormality that occurs as a result of failure of resorption of endochondral bone and cartilage while bone formation continues at the normal rate. This condition has been reported in humans, dogs, cattle, and horses. [4] [5] [6] 9, 11 It has a familial predisposition in humans, 7, 9 and is an autosomal recessive trait in Angus 4 cattle. Osteopetrosis has also been associated with in utero bovine virus diarrhea virus infection. 2 This report describes 5 cases of osteopetrosis in calves from a small herd of Angus and Angus-Charolais cows.
iae, L. grippotyphosa, and L. hardjo) bacterin, killed infectious bovine rhinotracheitis vaccine, and killed bovine virus diarrhea vaccine. They were dewormed with fenbendazole, a and permethrin b was used as a fly control.
Five full-term Angus and Angus-Charolais fetuses from 1 farm were presented to the Indiana State Animal Disease Diagnostic Laboratory (ADDL), Purdue University, in March and April 1988 with a history of dystocia and stillbirth. The fetuses were from 5 cows in a 16-cow herd. The cows were 2-8 years old; 14 were purebred Angus, and 2 were Angus-Charolais. The sire was a registered Angus bull purchased in April 1987.
The pregnant cows were left on grass pasture until November, when they were pastured on harvested cornfields. During calving season in March and April the cows were confined to a 2-acre grass pasture. The cows were fed shelled corn, cornstalks, oat straw, liquid protein supplement, and a powdered mineral supplement during the last 2 months of gestation.
At 7 months of gestation, the herd was vaccinated with a Leptospirosis (L. Pomona, L. canicola, L. icterohemorrhag-Two cows aborted and 1 cow had a full-term stillborn calf prior to the first submission of calves to the Indiana State ADDL. Four Angus cows produced calves with multiple skeletal deformities and 7 Angus cows had normal healthy calves. One of the Angus-Charolais cows had a deformed calf and 1 had a normal healthy calf.
The calves were born dead and had multiple skeletal deformities, which consisted of pronounced doming of the cranium, micrognathism, dysostoses, arthrogryposis, and kyphoscoliosis. The doming of the cranium was characterized by exuberant trabecular bone growth replacing the frontal sinuses (Fig. 1) . The exuberant bone contained multiple, 1-mm to 2-cm cystic cavities. The cavities were empty or contained clear to sanguinous mucus. The mandible was 75% of normal length. Dysostoses of exuberant trabecular bone growth involved the scapulae, ribs, and the metaphyseal areas of the long bones. The areas of dysostosis also had multiple small, l-5-mm cystic spaces. Slab sections of long bones revealed multiple parallel linear densities in the metaphyses consistent with growth arrest lines (Fig. 2) . Arthrogryposis, hyperflexion contracture, of all 4 limbs was present in all 5 fetuses. The caudal cervical and thoracic vertebrae had both dorsal and lateral deviations. Due to the exuberant bone production of the cranium, the rostral-dorsal cerebrum and caudal-dorsal cerebellum were compressed.
